Purpose Prediction of IVF outcome on the first days of ovarian stimulation has focused clinical research for many years. The aim of this work is to predict the probability of pregnancy on the fourth day of ovarian stimulation for IVF cycle, using parameters usually determined in this stageestradiol, antral follicle count-together with parameters determined previously: FSH on the third day of cycle and women age. Materials and methods One hundred and ten patients with primary infertility due to a tubal factor were recruited to participate in a prospective study. FSH was determined on the third day of spontaneous cycle. Antral follicles and estradiol were measured on the fourth day of ovarian stimulation. After oocyte pick-up, quality and quantity of oocytes and embryos and pregnancy rates were assessed. Results In stepwise multiple logistic regression the variables with better predictiveness over pregnancy are: antral follicles count, estradiol and woman age. The logistic regression analyses demonstrate that the capacity of the model that uses these variables to predict pregnancy is 75%, with a positive predictive value of 69% and a negative predictive value of 80%. Conclusions On the fourth day of ovarian stimulation of IVF cycles, the variables with highest predictiveness are: antral follicle count, estradiol and women age. When these variables are included in a model of prediction, the capacity to predict pregnancy is 75%.
Introduction
In IVF cycles the main priorities are to obtain a sufficient number of mature oocytes, quality embryos and finally obtain a pregnancy. Prediction of IVF outcome has focused clinical research for many years. Many tests have been suggested to predict the probability of pregnancy in IVF cycles, such as FSH [1] and estradiol [2] on the third day of the cycle, FSH levels after treatment with clomiphene [3] , levels of inhibin A and inhibin B [4] , number of ovarian antral follicles [5, 6] , antimullerian hormone [7] and the influence of women age [8] . These tests have been described to have an acceptable predictive power for IVF outcome, but reports with conflicting results have been described [9, 10] . The majority of these tests were conducted in an isolated manner and prior to ovarian stimulation. Some papers have shown that the power of prediction of these tests increase when a combination of them is used. Thus, combination of day 3 FSH, estradiol and age has been used to improve the prediction of live birth primary infertility due to a tubal factor were recruited to participate in a prospective study. FSH was determined on the third day of spontaneous cycle. Antral follicles and estradiol were measured on the fourth day of ovarian stimulation. After oocyte pick-up, quality and quantity of oocytes and embryos and pregnancy rates were assessed. Results In stepwise multiple logistic regression the variables with better predictiveness over pregnancy are: antral in IVF cycles [11] . Few works have analysed the capacity of prediction over pregnancy of these variables when they are used jointly. The aim of this study is to predict the probabilities of pregnancy in the initial stages of IVF cycle (fourth day of ovarian stimulation) using parameters usually determined in this stage-estradiol and antral follicle count-together with parameters determined previously-FSH on the third day of cycle-and women age.
Materials and methods

Patients
One hundred and ten patients under the age of 38 diagnosed of primary infertility due to a tubal factor who initiated IVF cycles between January 2005 and June 2006 were included in the study. The diagnosis of tubal obstruction was performed by hysterosalpingography and laparoscopy. All patients were in their first IVF attempt, and they could enter in the study only once. Women with history of genetic risks, pregnancy loss or with indication for preimplantation genetic diagnosis were excluded from the study. In all patients, measurements of basal FSH, LH, estradiol (E2), prolactin and TSH were made on the third day of spontaneous cycle within 6 months before undergoing an assisted reproductive technology (ART) program.
All patients met the following inclusion criteria: age <38 years, regular menstrual cycles ranging from 24 to 32 days, normal basal serum FSH (<12 mIU/ml), LH (<10 mIU/ml), E2 (<60 pg/ml), Prolactin (<21 ng/ml) and TSH (<4 μU/ml) levels, body mass index (BMI)<30 kg/m 2 and no uterine or ovarian abnormalities assessed by vaginal ultrasound. All semen specimens were within normal values for concentration, motility and normal sperm forms. Patients gave an informed consent to participate in the study.
Experimental design
Patients initiated down regulation with a GnRH analogue (GnRH-a) in luteal phase, followed, after menstruation, by stimulation with recombinant FSH (FSHr) and recombinant LH (LHr). On the fourth day of stimulation with FSHr and LHr, E2 levels were measured and the number of antral follicles was determined. Then, measurements of E2 levels and follicle number and size were repeated every 24-48 h depending on individual response until oocyte recovery.
Transvaginal ultrasonography was performed on the fourth day of ovarian stimulation to measure the number of antral follicles (AFC), defined as number of follicles <10 mm in all diameters. Round or oval echo-free structures in both ovaries were regarded as follicles and were counted and measured as such. Ultrasonography was performed using a Toshiba Capasse unit (Toshiba Corporation, Tokyo, Japan) equipped with a 7 MHz vaginal transducer. With this unit the limit of sensitivity was 2 mm. All ultrasound scans were performed by a single researcher.
The maturational status of the oocytes retrieved was assessed according to published criteria [12] . Embryos were evaluated on the third day after fertilization and classified as follows (Veeck grades): grade 1: perfectly symmetrical with no fragmentation; grade 2: perfectly symmetrical with slight fragmentation (<20% fragmentation of the total embryonic volume); grade 3: uneven blastomeres with no fragmentation; grade 4: uneven blastomeres with gross fragmentation (>20% fragments). Embryos of Veeck grades 1 or 2 were considered of high quality.
Ovarian stimulation and IVF procedure
In all patients pituitary desensitisation was performed with leuprolide acetate (Procrin; Abbot Laboratories, Madrid Spain). Down regulation was initiated after 21 days of menstruation (1 mg daily SC), and stimulation with recombinant follicle-stimulating hormone (FSHr; Puregon, NV Organon, Oss, The Netherlands) and recombinant luteinizing hormone (LHr; Luveris, Serono, Spain) started at fourth day of the cycle. When stimulation started, the dose of leuprolide acetate was reduced to 0.5 mg/day. The median starting dose was 300 units for FSHr and 75 units for LHr. The doses of both were adjusted according to individual response. When one or more follicles reached 18 mm, recombinant human chorionic gonadotropin (hCGr; Ovitrelle 250 μg, Serono, Spain) was administered. Oocyte retrieval was carried out 34-36 h after hCG administration by transvaginal ultrasound-guided puncture of follicles. Oocytes were retrieved in modified human tubal fluid (MHTF, Irvine Scientific, Irvine CA), located and placed into P 1 (Irvine Scientific) with 0.5% of human serum albumin (HSA; Irvine Scientific) until insemination. All cultures were in humidified atmosphere with 5% CO 2 . Oocytes were inseminated in microdrops (100 μl) of HTF and HSA for 2 h. Following insemination, oocytes were moved into microdrops (30 μl) of G 1.2 (Vitrolife, Gothenburg, Sweden) under oil. Oocytes were evaluated for fertilization 16-19 h postinsemination. Subsequent evaluation of embryos was performed in day 2 and day 3. Embryos were transferred on day 3 after oocyte retrieval. The number of embryos transferred was 2, except in six patients for whom only one embryo could be transferred (no more embryos were obtained in these patients) and five patients with poor embryo quality for whom only three embryos were obtained. For these five patients, the three embryos were transferred. The luteal phase was sustained by intravaginal progesterone 600 mg daily, in three separate doses, starting 1 day after oocyte retrieval and continuing for 14 days (Utrogestan, Paris, France).
In the patients included in the study, the management of cycle was not changed in function of their predicted probability of pregnancy.
Laboratory assays
The FSH, LH, E2, Prolactin and TSH assays were performed by micro particle enzyme immunoassay technology (MEIA) with the AxSYM immunoanalyzer (Abbot Laboratories, Abbot Park, IL). The interassay and intraassay coefficients of variation were 5.4 and 5% for FSH, 6 and 5.2% for LH, 5.8 and 5.1% for E2, 5.9 and 5.1% for prolactin and 5.7 and 5% for TSH, respectively.
Statistical methods
Data were analysed with SPSS (SPSS Inc. Chicago, IL). The normal distribution of variables was checked before use of parametric statistical tests. Descriptive analyses were first conducted in the total eligible cohort. Linear and nonparametric correlation (Kendall's tau-b and Spearman) and factor analyses were used to determine the association and relationship between variables.
Univariate and multivariate logistic regression analyses were used to study the potential prognostic variables (antral follicles count, estradiol, FSH in third day of cycle and age) to determine which of the analysed variables were the better predictors of pregnancy. The model of logistic regression was obtained by stepwise method. Forward as well as backward selection of parameters was applied, using P<0.05 for entry and P>0.1 for removal.
Receiver operating characteristic (ROC) curves of the model and analysed parameters were constructed and area under the curves was used for the assessment and comparison of the effectiveness to predict pregnancy.
To determine the influence of variables evaluated over pregnancy rates, oocytes and embryos, we used the following variables:
Quality and quantity of embryos were assessed with the variables: EMB, GEQ and MEQ. In the case of oocytes, OR was the selected variable to study the relation with the analysed variables.
Results
Patient's characteristics and cycle outcome are shown in Table 1 . Table 2 offers the correlations of predictive variables in relation to pregnancy and oocyte and embryo variables. For the variables pregnancy, embryos (EMB and GEQ) and OR the highest correlations with the predictive variables were obtained for AFC and ES4, which showed a positive correlation. Negative correlations were observed for FSHt and age. The variable MEQ showed positive correlation with age. The highest level of correlation in analysed The table shows Pearson's correlation coefficients and significance, and the levels of significance of non-parametric correlations (Kendall's tau-b and Spearman). Figure 1 shows the results of logistic regression and the equation of the logistic regression model to estimate the probability of pregnancy and the receiver operating characteristic (ROC) curves of the analysed variables.
In logistic regression analyses significant predictors on the fourth day of IVF cycle over pregnancy are: antral follicles count, estradiol, FSH in third day of cycle and age. In forward and backward stepwise multiple logistic regression the variables that are included in the predictive model to predict pregnancy are: antral follicle count, estradiol and age. Figure 2 shows a plotter of factorial analyses of variables and the interrelation between the analysed variables. Component 1 shows the relation with ovarian responsiveness, and in the positive extreme we can observe the variables related with good responsiveness (ES4d, AFC, EMB, GEQ and OR) and pregnancy. FSHt and age show a negative relation with this component and are related with poor ovarian response. In component 2 we can observe a positive relation with MEQ and age, and a negative relation with number of oocytes retrieved. This component is mainly related with age and MEQ. This graphic shows the close positive relation existing between ES4d, AFC, GEQ, EMB, OR and pregnancy. Age also shows a positive relation with MEQ. Figure 3 shows the pregnant and non-pregnant cycles related to the predicted probability of pregnancy using the logistic regression model.
Discussion
The main aim in IVF cycles is to obtain a pregnancy. The effectiveness of IVF treatments is near 35-40% in pregnancy rates. This percentage has only slightly increased in the last years. Early identification of factors that will predict IVF outcome is, therefore, of great value for Fig. 2 Plotter of factorial analyses of variables. ES4D, levels of estradiol on the fourth day of ovarian stimulation; AFC, antral follicle count; FSHt, FSH in third day of cycle; GEQ, global embryo quality; EMB, number of embryos; MEQ, mean quality for embryo; OR, oocytes retrieved Fig. 3 The actual pregnant and non-pregnant cycles compared to the predicted probability of pregnancy using the logistic regression model adequate medical decisions and procedures. For a long time, clinical research has been focused on the evaluation of predictor factors like FSH [1] , estradiol [2] , inhibin A, inhibin B [4] , age and antral follicles count [5] before IVF cycle started and, in most cases, with the objective to predict patients with risk to cancel the treatment due to a low response. Few works have analysed the possibility to predict IVF outcome in initial steps of controlled ovarian stimulation cycles. The aim of this study is to predict the probabilities of pregnancy in initial steps of IVF cyclefourth day of ovarian stimulation-using variables that seem to influence IVF outcome and that are usually determined in this stage: woman age, FSH in third day of cycle, antral follicle count and estradiol levels. Our data shows a close positive association between pregnancy and AFC and ES4d, and a negative association between pregnancy and FSHt and age. AFC, ES4d, FSHt and age have high levels of correlation with pregnancy. Later in the IVF process, other variables present significant levels of correlation too: OR, GEQ and EMB (Table 2) .
Like others works [11] , the power of prediction increases when a model that includes several variables is used. Thus, with the use of logistic regression to determine the variables and their associations that are better predictors of pregnancy, we obtain that the variables that are included in the equation of the logistic regression model to estimate the probability of pregnancy are: AFC, ES4D and age (Fig. 1) . With the inclusion of these variables in the model the negative predictive value over pregnancy is 80% and the positive predictive value is near 70% ( Table 3) .
FSHt and age have significant and comparable levels of correlation with pregnancy, but only age is included in the equation of prediction. The reason for this is that in logistic regression, the inclusion of any variable in the model of prediction is related to the increase in capacity of prediction that produces that inclusion, and it's not dependent to the level of correlation of that variable. The entrance of FSHt in the model of prediction is evaluated together with other variables-AFC, Age, ES4d and ES4d/AFC-and in this situation the inclusion of FSH did not increase the capacity of prediction.
The association, in an isolated manner, between the analysed variables and pregnancy has been described previously. Thus, the number of antral follicles has been described as a powerful predictor of number of oocytes retrieved [5, 6] . Our data suggests that AFC related to fourth day of ovarian stimulation, has a significant relation with number of oocytes retrieved, number of embryos obtained, GEQ and pregnancy. The higher the number of antral follicles in one patient, the higher the number of oocytes that will be recovered and more embryos will be obtained, and this patient has a higher probability to obtain a pregnancy. These results are in concordance with the fact that the number of antral follicles, originated from the cohort of growing follicles, reflects the size of the pool of resting follicles and ovarian reserve [14] . The number of antral follicles is, among the analysed variables, the one with the strongest prediction power over pregnancy.
Estradiol presents a high correlation with number and quality of embryos obtained. Patients with high levels of ES4d are more likely to obtain more and better embryos than patients with lower levels of ES4d. These results are in concordance with the critical role of estradiol in follicular growth. Thus, the early appearance of estrogen within the follicle allows the follicle to respond to relatively low concentrations of FSH. The dominance of estradiol and FSH in follicular fluid is essential for sustained accumulation of granulosa cells, continued follicular growth and estradiol production [15] .
Due to the capacity of prediction over pregnancy of ES4d and AFC, the relation between estradiol concentrations per follicle (ES4d/AFC) and pregnancy was analysed. In our results this variable trends to have a positive correlation with pregnancy (Table 2 ) with significant levels of correlation in non-parametric tests, but it doesn't reach significative level in parametric tests. This fact could be explained for many reasons. One is the number of patients studied. It is possible that with a major number of patients the levels of correlation obtained would be significative. Another reason is that ES4d/AFC presents a complex relation with pregnancy. Thus, it seems necessary that certain level of estradiol per follicle exits for to obtain a pregnancy. Patients with very high or very low levels of estradiol per follicle have diminished their probabilities to get pregnant. This fact could be explained by the critical role of follicular estradiol concentration over oocyte cytoplasmic maturation. Thus, elevated or diminished levels of estradiol could produced impaired maturation of oocyte cytoplasm [16] and decrease the probabilities to obtain a pregnancy [17] . The value of patient age in predicting performance in assisted reproductive technologies is well established. Thus, fecundity in natural and stimulated cycles declines with maternal age. This decline is initiated in the late 20s and is more abrupt in the late 30s [8] . With increasing age, ovarian reserve diminishes and spontaneous fecundity rate as well as success rates in IVF programs decline. Older women produce less oocytes and have lower implantation rates. In this work, maternal age is an important factor for the prediction of number and quality of oocytes and embryos, especially over the number of oocytes retrieved. But as in others works, its predictive value is limited if considered as an isolated factor [18] .
In our patients the levels of FSH on the third day are related to quantity of oocytes and embryos (OR, EMB and GEQ). These results are in concordance with other authors that suggest that FSH has less predictive power than AFC and ES4d on pregnancy rates and should be interpreted in the light of other variables [19] . Different reasons can explain this fact. One is that day 3 FSH levels can be affected by many variables like time of testing, irregular cycles and genetic polymorphism in the FSH receptor [20] . Another reason is that elevated basal FSH levels are indicative of diminished ovarian reserve in the number of oocytes, but the quality of the remaining follicle pool will be not diminished. Therefore, younger women (<35 years old) with elevated basal FSH can still have a favourable IVF outcome reflected by a good ongoing pregnancy rate despite poorer IVF performances. That is to say that basal FSH is a good predictor of the size of the remaining follicle, rather than their quality [21] .
One surprising finding is the positive association obtained between MEQ and age. Thus, in this work, patients with increased age have better score for embryo quality than younger patients. The explanation for this fact could be the greater variability in the quality and number of embryos obtained depending on women age. Thus, younger women (<35 years old) have a higher number of embryos, and these embryos have different grades of quality, and in the same patient we can obtain embryos with the best and with the worst score of quality. In this group of patients, the quality of embryos is not related to their number. When age increases (>35 years old), the number of embryos is lower, but, in some patients the score for embryo quality is better than in the younger group. This improvement in embryo quality is not necessarily related to the number of embryos, and could be explained by the increase of embryos with chromosomal abnormalities in this group. An increase in embryo chromosomal abnormalities in women with advanced age has been reported [22] . This increase in abnormal embryos is related with the increase of chromosomal abnormalities in the oocytes of these patients [23] . In the first stages of embryo development, the morphology of the embryo does not correlate with chromosome normality, thus the morphology or quality of abnormal embryos is similar or better than normal embryos.
When we estimate the probability of pregnancy with the predictive model (Fig. 1) , we obtain an estimation of the probability for a woman to get pregnant in that IVF cycle.
As we can observe in Fig. 3 the estimated probability for the equation has a good power of prediction in the extremes of the graphic. Thus, when the result obtained is a low probability to get pregnant, this patient has a very low probability to get pregnant in that cycle of IVF, and when the result is a high probability this patient has a high probability of getting pregnant. For the cases that are located in the middle of the graphic, the model is less able to discriminate between pregnancy and non-pregnancy. This situation could be explained by the fact that the patients with this intermediate probability levels have inconclusive values of AFC, ES4d and age or a combination of them.
In the cases that have a high probability to get pregnant, it is possible that the result of cycle will be no pregnancy. The explanation for this could be that to obtain a pregnancy in an IVF cycle it is important that three events occur. The first event needed is to have good quality embryos. Secondly, the moment of transfer of these embryos to the uterus is very important. for the result of the cycle. Thus, in patients with good embryos but with difficult or bad transfer, the result will probably be no pregnancy [24, 25] . The third necessary event is a good interaction between the embryos and the endometrium in order to favour the implantation process [26, 27] . When we estimate the probability of pregnancy in this work, it is not possible to know what will happen in the moment of embryo transfer or if good interaction between embryo and endometrium will exist.
Conclusions
The present study shows that it is possible, in patients with primary infertility due to a tubal factor, to obtain a prediction of the probability of pregnancy in the first stages of IVF cycle, using variables that are usually assessed in this stage. This data provides valuable information for a better understanding of the relation between parameters related to IVF cycles, and may help clinicians in counselling patients regarding cycle response and expected pregnancy rates. Further studies that included patients with other causes of infertility are needed to confirm this model of prediction.
